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JH.  P.  Vind  and  C.  W.  Mathews 


ABSTRACT 


•  The  Naval  Civil  Engineering  Laboratory  (NCEL)  was  requested  to 
ascertain  the  composition  and  toxicity  of  compounds  off-gassing  from  diver 
hoses  and  to  develop  new  acceptance  tests  for  the  military  specifications  for 
diver  hoses.  A  literature  survey  disclosed  that  the  off-gassing  would  consist 
primarily  of  organic  solvents  and  would  contain  only  traces  of  plasticizers 
and  deterioration  products  of  rubber.  Two  acceptance  tests  were  developed 
at  NCEL  for  measuring  the  quantities  of  organic  solvents  emitted  by  diver 
hoses,  The  equipment  used  can  be  purchased  for  between  $2,000  and  $3,000. 
In  both  tests,  measurements  of  ionizable  carbon  are  employed  as  indices  of 
the  concentrations  of  solvent  vapors  and  related  organic  compounds,'  In  the 
first  test,  measurements  are  made  of  the  carbon  content  of  air  confined  in  the 
hoses  for  at  least  7  days.  Concentrations  of  up  to  50  mg/m3  are  permitted, 
in  the  second  tost,  measurements  are  made  of  the  carbon  content  of  air  flushed 
through  the  hoses  at  a  rate  of  3  ft3/min,  Concentrations  of  net  moro  than 
0.01  mg/m3  per  foot  of  hose  or  a  maximum  concentration  of  4  mg/m3 
regardless  of  hose  length  are  permitted,  The  concentration  of  nearly  any 
compound  that  might  off-gas  from  diver  hoses  should  be  at  safe  levels  in 
breathing  mixtures  delivered  through  hoses  that  pass  the  above  tests.  Excep¬ 
tions  are  the  solvents  carbon  disulfide  and  carbon  tetrachloride.  Military 
specifications  must  forbid  their  use  in  the  fabrication  of  diver  hoses, 
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The  Naval  Civil  Engineering  Laboratory  (NCEL)  was  requested  to  uncertain  the 
composition  and  toxicity  of  oympnunda  off-gasslhg  from  (liver  hoses  and  to  develop  new 
acceptance  tests  for  the  military  specifications  for  dlvuf  hoses,  A  literature  survey  disclosed 
that  the  off-gassing  would  consist  primarily  of  organic  solvents  and  would  contain  only  truces 
of  plasticizers  and  deterioration  products  of  rubber.  Two  acceptance  tests  were  developed  at 
NCEL  for  measuring  the  quantities  of  organic  solvents  omitted  by  diver  hoses,  The  equipment 
used  can  bo  purchased  for  between  §2,000  and  $3,000,  In  both  tests,  measurements  of 
lonizeble  carton  are  employed  as  indices  (vf  the  concentrations  of  solvont  vapors  and  related 
organic  compounds.  In  the  first  test,  measurements  arn  made  of  the  carbon  content  of  air 
ccnlinod  in  the  hoses  for  at  least  7  days,  Concentrations  of  up  to  50  mg/m3  are  permitted, 

In  the  second  test,  measurements  *  -o  made'.)  I  the  carbon  content  of  air  flushed  through  the 
hoses  at  a  rate  of  J  ft’Vmin,  Concentrations  of  not  more  than  0,01  mg/m3  per  foot  of  how) 
or  a  maximum  concentration  of  4  mg/m3  regardless  of  hose  length  are  permitted,  Thu 
concentration  of  nearly  any  compound  that  might  off-gas  from  dlvur  hoses  should  lie  at 
safe  levels  In  breathing  mixtures  delivered  through  hosos  tliat  pass  the  above  tests,  Exceptions 
ore  the  solvents  carbon  disulfide  and  carbon  tetrachloride.  Military  specifications  muM  forbid 
their  use  In  the  fabrication  of  diyor  hoses, 
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INTRODUCTION 

The  Supervisor  of  Salvage,  Naval  Ship  Systems  Command  (NAVSHIPS), 
assigned  the  Naval  Civil  Engineering  Laboratory  (NCEL)  the  responsibility  to 
ascertain  the  composition  and  toxicity  of  compounds  off-gassing  from  diver 
hoses  and  to  develop  new  acceptance  tests  for  the  military  specifications1  for 
diver  hoses. 


PREVIOUS  STUDIES  ON  OFF-GASSING  OF  MATERIALS 
Diver  Hoses 

No  roeord  could  be  found  of  fatal  poisonings  by  fumes  off-gassing 
from  diver  hoses,  und  no  record  could  be  found  of  investigations  on  the 
chronic  effects  of  continued  exposure  to  hose  ingredients.2  However,  there 
uro  numerous  accounts  of  divers  complaining  of  hoses  with  obnoxious  ot 
nauseating  odors, 

In  196E  the  Experimental  Diving  Unit  (EDU)  at  the  U.S.  Naval  Gun 
Factory  purchased  a  number  of  diver  buses  that  smelled  strongly  of  rubber 
cement  and  wore  unsatisfactory  for  use.  They  tlushud  one  of  the  hoses  with 
water  for  24  hours  but  It  still  had  an  objectionable  odor.  They  sent  a  20-foot 
section  of  one  of  the  hoses  to  tho  Naval  Applied  Science  Laboratory  (NASL), 
for  examination.3,4 

Chemists  at  NASL  flushed  tho  hose  with  contaminant-free  nitrogen 
for  24  hours,  passing  the  effluent  nitrogen  through  a  dry  ico  trap  where  thu 
volatilu  eontomlnunts  were  condensed  and  collected.  Thoy  then  examined 
tho  condensate  by  means  of  Infrarod  spectrophotometry  and  gas  phase 
chromotoyraphy.  Thou-  examination  disclosed  that  tho  principal  substances 
off-gassing  from  the  hoses  wuru  toluene,  xylene,  and  totramothylthimjram 
disulfide.  The  first  two  contaminants  are  solvents  for  rubber  cements,  and 
tho  latter  is  a  curing  agent  for  modifying  tho  properties  ol  rubber.  It  Iras  a 
very  objectionable  odor. 

Tho  some  throe  contaminants  were  also  evolved  from  numerous  other 
samples  of  natural  and  synthetic  rubber  hoses  and  tubing,  usually  at  a  lower 
level  than  from  tho  object  tunable  hoses;  but  they  were  not  evolvtxj  from 
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samples  uf  the  rubbei  stocks  from  which  the  hoso  and  tubing  were  fabricated. 

Tin)  odoriferous  contaminants  wore  apparently  introduced  during  the  fabrica¬ 
tion  of  tlio  hose  or  tubing,  NASL  chemists  concluded  that  objectionable  vapors 
in  diver  hoses  can  best  bo  eliminated  by  judicious  selection  of  hose  ingredients 
and  fastidious  fabrication  procedures,  The  factory  producing  the  offending 
hoses  followed  the  recommendation  and  modified  their  procedures  to  mini¬ 
mize  residual  solvents, 

Hoses  have  also  been  known  to  contaminate  the  breathing  mixtures 
of  Navy  divers  with  vapors  of  fluorinatod  hydrocarbons,  Scientists  at  the  Naval 
Research  Laboratory  (NRL)6  traced  the  vapor  to  organic  solvents  of  the 
Freon  type  which  woro  used  for  clnaninp-hoses  according  to  the  Nortronics 
procedure.6  The  procedure  was  designed  primarily  for  cleaning  metal  com- 
•patients  of  diving  equipment,  but  apparently  on  a  few  occasions  it  was  used 
for  cleaning  rubber  hoses, 

The  NRL  scientists  found  that  hoses  which  were  washed  with  Freon- 1 13 
(1,1,2  triehloro-1,2,2  trifluroothano)  deteriorated  rapidly  and  contaminated  the 
divers1  breathing  mixtures  with  solvent  vapors.  Air  htrid  in  the  hoses  tor  3d  hours 
acquired  a  Froon  concentration  of  4,300  ppm,  burthen  lore,  the  Freon  removed 
nonvolatile  plasticizers  from  tin  -  hoses,  thereby  altering  their  physical  propel  ties. 
The  NRL  scientists  recommended  that  diver  hoses  he  cleaned  with  aqueous  TSF 
(trisodium  phosphate)  solution  rather  titan  with  oiganu:  solvents. 

Space  Cabin  Materials 

Several  studios  have  boon  made  on  the  nil  ■gassing  ol  materials  employed 
In  the  construction  of  space  cabins,  I'ustinger7  and  UauK*  mpurted  briefly  on 
the  off-gassing  from  B5  eammlate  space  cabin  materials,  :Th&  major  off  gas 
products  from  polymeric  matui  tais  woro  organic  solvents.  SnutM  quantities 
or  piastici/urs  and  monomers  and  traces  of  degruikHon  prOdn&ts  also  appeared 
in  tiie  off-gassing  from  polymers, 

Off-gassing  of  materials  was  also  studied  in  the  sitedal  test  chamber 
of  the  Integrated  Life  Support  System  at  Langley  Reiearch  Center,®  Ten 
materials  wore  selected  lor  the  study.  They  consisted  of  various  tytars  of 
plastic  tubing,  Insulation  materials,  and  metal  foil  adhesive  uih^,  fcxoept  for 
trace  constituents,  the  off-gassmg  at  200°F  consisted  uf  organic  solvents,  The 
trace  constituents  were  iirobeblv  ptastiu<zers  am!  thermal  breakdown  products. 
The  solvents  included  carbon  tetrachloride  and  ml  ter  poisonous  helogunaied 
organic  solvents. 


Trace  Contaminants  In  Submarines 

Since  the  advent  of  nuclear  submarines,  scientists  have  thoroughly 
investigated  the  composition  of  the  interim-  atmospheres  of  submarines. t0" 16 
They  have  presented  a  great  deal  of  information  on  trace  contaminants  in 
submarines,  but  aside  from  showing  that  vapors  from  paints  and  paint  thin- 
ears  are  sometimes  the  principal  contaminants  in  submarine  atmospheres, 
very  little  information  has  been  published  on  the  off-gassing  of  specific 
materials, 

In  the  early  history  of  the  analysis  of  nuclear-submarine  atmospheres, 
it  became  apparent  that  the  atmospheres  were  contaminated  by  a  very  complex 
mixture  of  organic  compounds.  Freons,  methane,  carbon  monoxide,  hydro¬ 
carbon  vapors,  and  numerous  low  molecular  weight  alcohols,  ketones,  others, 
and  chlorinated  hydrocarbons  accounted  for  nearly  all  of  the  contaminants. 

The  Freons  were  identified  as  refrigerants,  and  the  organic  vapors  as  fuels, 
lubricants,  and  commercial  solvents.  Methane  and  carbon  monoxide  wore 
probably  primarily  of  metabolic  origin. 

The  hydrocarbon  fraction  was  so  complex  that  the  early  effort  to 
routinely  monitor  the  concentrations  of  individual  hydrocarbons  in  submarine 
atmospheres  was  abandoned,  The  concentrations  of  gaseous  Freons,  urethane, 
carbon  monoxide,  carbon  dioxide,  oxygen,  and  nitrogen  were  still  monitored 
individually;  but  the  vajiors  of  hydrocarbon  solvents  ami  miscellaneous  alcohols, 
ketones,  and  other  low  molecular  weight  compounds  to  which  the  flume  tons* 

/til ion  detector  is  sensitive  wore  monitored  collectively  as  a  fraction,  Thu 
fraction  was  called  "total  hydrocarbons"  even  though  it  contained  ecmgmunds 
which  are  not  strictly  hydrocarbons  and  it  did  not  include  meticme. 

At  one  time  die  concentration  of  die  total  hytlfotsirbons  in  submarine 
auospheres  frequently  nm  to  100  mg/m3  and  occasionally  even  higher.  Strict 
control  of  {tainting,  smoking,  and  other  activities  dial  ought  contaminate  die 
interior  ntmosphuMs  of  the  submarines  tigs  significantly  lowered  tlx?  level  of 
total  hvdmuirtKiOs  in  submarines.  According  to  some  of  the  latest  figures'6 
released  for  public  infmntaiinn.  lb  ngt/m3  is  now  more  typical,  (It  we  assume 
licit  dut  contaminants  are  pentane.  Hie  tarlxm  content  would  be  about  13  mgftn3). 


TOXICOLOGY  OF  HOSE  MATERIALS 
Solvents 

!  alt  nl  die  enumerated  studios,  organic  solvents  were  die  prmuixil 
constituents  in  dx*  uf  (-gassing  from  polymeric  materials,  ties  could  hj,\e  boon 
antmipati  d  from  thee  low  boiling  paintsand  high  solubility' in  polymeric  mate* 
rials, ,:Mfi 
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Some  of  the  industrial  solvents  most  widely  used  for  rubber  are  listed 
in  Table  1.  For  each  solvent,  Tahle  1  lists  the  Threshold  Limit  Value  (TLV),19 
which  is  defined  as  that  concentration  of  airborne  substance  to  which  workers 
cart  be  exposed  for  daily  periods  of  8  hours,  5  days  a  week,  without  adverse 
effects.  The  far  right-hand  column  of  Table  I  gives  the  expected  analyzer 
reading  in  mg/m3  for  the  carbon  contant  of  gas  containing  the  TLV  concen¬ 
tration  of  the  listed  contaminant.  The  expected  reading  on  the  instrument  is 
not  always  the  same  as  the  actual  value  because  a  flame  ionization  detector  is 
not  100%  efficient  for  all  compounds.  The  values  were  calculated  from  esti- 
mated  efficiencies  (Table  2)  of  flame  ionization  detectors  for  the  atoms  ch 
different  classes  of  compounds. 

The  most  toxic  organic  solvents  that  might  be  employed  in  the 
fabrication  of  the  hoses  are  carbon  disulfide,  carbon  tetrachloride,  and  tetra* 
ehicroethono,  Benzene  is  also  v*  ry  toxic,  arid  other  aromatic  hydrocarbons 
are  moderately  toxic.  On  the  other  hand,  aliphatic  and  aiicyclic  hydrocarbons 
are  toxic  only  in  relatively  htgn  concentrations.  The  lower  the  boiling  point 
of  a  solvent  of  any  class,  she  more  readily  it  wilt  evaporate  and  bo  desorbed 
from  a  hose, 
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The  vapor  pressures  of  all  tire  commercial  plasti wierx30  uru  so  (mv 
tlviit  they  pose  but  little  threat  of  poisoni»Hi  by  inhalation  Thu  higlwr  tlws 
boding  point  o!  the  robber  plasticizers,  the  Kiss  likely  are  they  Id  Ur  towul 
io  tlta  otfpsstny  from  tlw  rubber,  Some  pteiltozer*  can  form  a»*u4olxJ0‘16 
Uit  iho  temperatures  amuired  to  form  them  mi  higfww  titan  thi**»  existing  to 
diver  hoses,  Uf  the  phtstetiosfx  m  amm-on  use,  uisrosyl  plmsphato  U  by  Ut 
tUt  mass  poisonous,3 1  Numerous  inters  of  adhhe  wM  mo  said  to  be  oxt&ltat 
ttfasttevers  for  rubber,  and  they  mi  far  tat  iota  than  the  phoipiulo  esters, 

Rubber  Adddlvea 

Literally  humirieds  of  cemiktnmts  ar  wadded  to  rubber  poximT*  ,it 
v.  '**m  steps  in  n  *%  manufacture  So  many  different  ijhemi&i'ii  are 
added  fur  ihtt  same  purposes  by  dif  (ergot  lormubunrs  at  ddtoew  n^p»  in 
I  he  fabrication  of  a  rubber  product  that  H  «  almost  impoxwbfe  to  kotnv 
precisely  start  it  ciitibiftii, " 

Miifty  hf  the  rubber  additive*.  m*  very  jMisonsmy  For  uuytefy,  with 
the  exceptions  of  the  solvents  and  ptaliWa*#,  ttaf  -.of  them  are  of  such  MmI 
volatility  or  they  are  used  fit  such  Pirated  boknhtta  that  they  nli^t  iOMpdiw  ■ 
cantiy,  Though  many  rtf  them  fn^uewHy  vnm*  altaflte  rvacfiiMxswUm  they  • 
contact  the  skin,  only  »  few  of  the  robber'  additives  pose  a  sermes.  threat  of 
poisonirvy  by  mtoshon. 


Table  1.  Threshold  limit  Values9  (TLVi  of  Industrial  Rubber  Solvents 
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Table  2.  Response  of  Flame  Ionization  Detector  to 
Various  Atoms  in  Organic  Compounds 


Atom 

Occurrence 

Response11 

Carbon 

in  saturated  compound 

+  1.0 

Carbon 

in  aromatic  compounds 

+  1,0 

Carbon 

adjacent  olefinic  bond 

+0.9  • 

Carbon  : 

adjacent  acetylenic  bond 

+  1.3 

Chlorina 

on  aliphatic  carbon  atom 

-0,1 

Hydrogen 

in  all  compounds 

0.0 

Nitrogen 

in  primary  amine 

-0.6 

Nitrogen 

in  secondary  amine 

-0,7 

Nitrogen 

in  teritiary  amine 

-0,3 

Nitr  ”n 

in  nitrile 

-0,7 

Oxy;,  i 

in  carbonyl  radical 

-1.0 

Oxygen 

in  carboxyl  radical 

-0.6 

Oxygen 

in  primary  alcohol 

-C.6 

Oxygon 

in  secondary  alcohol 

-0.7 

Oxygen 

in  teritiary  alcohol 

-0.3 

Oxygen 

in  other 

-1.0 

Sulfur 

in  sulfides 

-0.6 

“  Approximate  response  (for  oxamplo, offoctivo carbon  number) 
of  various  atoms  relative  to  a  methane  molecule  ns  1 ,0.  The 
response  for  a  molecule  of  another  organic  compound  is 
obtained  by  adding  the  estimated  responses  for  Its  constituent 
atoms, 


Thorn  are  «  fow  exceptions,  Aniline,  a  frequently  used  vulcanizing 
agent  Is  very  toxic  either  when  it  is  breathed  or  when  it  is  absorbed  through 
the  skin,  Benzidine  and  beta-naphthylaminu,  which  are  sometimes  employed 
in  rubber  as  ''stiffening  agents"  and  antioxidants,  are  very  dangerous  carcinogens 
and  in  some  states  are  forbidden  in  anv  industrial  process,  Asphalt,  creosote,  coal 
tar,  and  pine  tar  are  frequently  used  in  the  reclamation  of  rubber  from  used  tires, 
They,  too,  are  carcinogenic. 

The  number  of  vulcanization  accelerators  is  large  and  for  the  most  part 
they  are  very  toxic  organic  compounds,21  The  ones  used  most  frequently  are 
mercaptobenzothlazole,  totrumothylthiouram  disulfide,  and  tetraathylthiouram 
disulfide,  All  three  aro  sensitizers  and  all  have  oxtromoly  repulsive  odors,  They 
evoke  allergies  on  contact  with  the  skin  of  sensitized  individuals;  but  apparently, 
In  the  quantities  employed  in  rubber,  they  ore  not  dangerous  from  the  stand¬ 
point  of  airborne  toxicity,  Another  accelerator,  sulfur  monochloride,  can 
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cause  eczematized  parakeratoses,  and  eczemas  are  frequently  caused  by 
contact  with  rubber  products.  Unfortunately,  it  appears  that  it  is  necessary 
to  use  at  ieast  one  of  the  accelerators  in  compounding  rubber  for  hoses. 

Rubber 


Generally,  high  polymers  such  as  rubbers  are  substances  of  great 
chemicai  inertness  devoid  of  physiological  and  toxicological  effects.  Some 
of  the  monomers  of  which  rubbers  are  made,  however,  are  very  dangerous 
poisons.  In  addition  to  other  information.  Table  3  gives  the  TLV  values  for 
the  principal  monomers  from  which  commercial  elastomers  or  rubbers  are 
made. 

Pustinger7  and  Back8  in  their  investigations  of  space  rabin  materials 
found  that  the  off-gassing  from  polymeric  materials  contains  trav.",  A  unreac¬ 
ted  monomers.  Lefaux21  also  mentioned  that  polymers  sometimes  contain 
unreacted  monomers,  hut  he  was  discussing  thermoplastic  polymers  rather 
than  elastomers.  Apparently  polymerization  of  elastomers  is  complete  and 
essentially  irreversible.  Flushing  of  any  of  the  common  types  of  rubber  with 
water  would  remove  the  last  traces  of  unreacted  monomer.  Pyrolysis  and 
degradation  of  elastomers  generally  yield  products  other  than  unreacted 
monomers. 

Natural  rubber  is  composed  of  isopreno. units.  Neither  the  polymer 
nor  monomer  is  toxic.  For  decades  the  British  Navy  has  fabricated  diver 
hoses  from  natural  rubbei  and  apparently  they  have  had  no  problem  with 
off-gassing. 

Styrene-butadinu  rubber  (SBR),  also  called  Government  Rubber-Styrene 
(GR-S),  is  also  synthesized  from  relatively  nontoxie  monomers.  For  several 
decades  most  of  the  diver  hoses  used  by  the  U.S.  Navy  have  been  fabricated  of 
SBR,  There  have  boon  no  incidents  of  acute  poisoning  by  fumes  off-gassing 
from  the  Navy  hoses.  There  have  only  been  occasional  complaints  of  obnoxious 
odors  and  those  have  been  traced  primarily  to  residual  solvents  and  not  to  the 
rubber  stocks, 

Some  of  the  diver  hoses  used  by  the  Navy  have  been  fabricated  of 
polychloroprone  rubber,  for  example,  Neoprene,  Chloroprene  is  a  little  more 
toxic  than  are  the  monomers  of  which  natural  rubber  and  SBR  are  compounded, 
but  unrouetod  chloroprene  has  not  been  reported  as  an  off-gas  product  of  rub¬ 
ber,  When  polychloroprone  rubbers  are  pyrolyzod  or  degraded,  they  liberate 
the  chlorine  as  hydrochloric  acid  rather  than  as  monomeric  chloroprene.21 
Airborne  hydrochloric  acid  is  extremely  toxic,  but  it  is  readily  detected,  even 
in  trace  concentrations,  ns  a  choking  and  irritating  gas,  Divers  have  not  com¬ 
plained  of  a  choking  and  irritating  sensation  when  using  hoses  fabricated  of 
poiychloroprene  rubber. 
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Tabte  3.  Threshold  Limit  Value  (TLV)fl  of  Some  Well-Known 
Ingredients  and  Breakdown  Products  of  Rubber 


Comp;  (id 

Threshold  Limit  Vali  as 

ppm 

mg/m3 

Actual  Carbon 
Content 
(mg/m3) 

Analyzer  Carbon 
Con  ant* 
(mg/m3! 

Acrylonitrile 

40 

70 

48 

36 

Anilino 

5 

19 

15 

14 

Senzidina 

0 

0 

0 

0 

Bsta-Naphthlhylomine 

0 

C 

.  0 

0 

Butadiene 

1,000 

2,200 

1 ,954 

1,856 

Carbon  dioxide 

5,000 

9,000 

2,454 

0 

Carbon  monoxide 

50 

55 

24 

0 

Chloroprene 

25 

90 

49 

46 

Coal  tar  pitch  volatiles 

- 

0.2 

0.2 

0.2 

Cresols 

5 

22 

17 

16 

Dltertiarybutylhydroxytoluene  (BHT) 

c 

c 

c 

c 

Hydrogen  cyanide 

1C 

11 

5 

3 

Hydrogen  sulfide 

10 

16 

0 

0 

Isoprene 

C 

c 

c 

Mathylmercaptan 

10 

20 

5 

2 

Phenyl-Beta-Naptlilhy  lamina 

0 

0 

0 

0  ' 

Styrene 

100 

420 

387 

368 

Sulfur  dioxide 

6 

13 

0 

0 

Sulfur  monochlorldo 

1 

6 

0 

0 

Thlram 

- 

5 

1 

1 

Tolueno  dilsocyanato 

0,02 

0.14 

_ 

0,09 

0.07 

a  Threshold  Limit  Values  of  airborne  contaminants,  udoptod  by  the  American  Conference 
of  Governmental  Industrial  Hygienists.  1068, 

L 

Estimated  from  theoretical  ufflelnncioo  of  the  hydrogen  flame  Innlzatlcn  detector. 

e  TLV  has  not  been  established,  but  compound  Is  known  to  be  relatively  harmless.  Its 
use  Isapproved  by  tho  PDA  lor  food-hundllng equipment. 


Many  of  the  newer  hoses  employed  by  commercial  divers  are  fabricated 
of  polyacrylonitrile  rubbers,  They  have  been  used  for  several  years,  apparent!/ 
without  serious  complaints  of  off-gassing.  Monomeric  acrylonitrile  is  a  danger¬ 
ous  poison,  but  it  has  not  been  reported  as  an  off-gas  product  from  the  rubber, 
Pyrolysis  of  polyacrylonitrile  rubber  yields  up  to  2%  of  the  even  more  danger¬ 
ous  hydrogen  cyanide,  Even  at  room  temperatures  hydrogen  cyanide  can  be 
detected  In  the  off-gassing  of  polyacrylonitrile  rubbers,  but  the  concentrations 
are  so  minute  that  their  presence  is  primarily  of  academic  interest. 

Polyurothane  rubber  is  made  from  toluene  dilsocyanato  (TDD,  an 
extremely  toxic  substance,  but  not  even  traces  of  TDI  can  be  detected  in  the 
off-gassing  from  polyurethane  rubber.  Tho  safety  of  polyurethane  rubber  is 
at  lusted  to  by  Its  popularity  for  the  fabrication  of  surgical  Items. 


Thus,  from  the  standpoint  of  objectionable  off-gassing,  there  is  no 
great  advantage  of  one  type  of  rubber  over  another.  The  only  differences 
would  arise  as  a  consequence  of  possible  differences  in  the  kinds  and  quan¬ 
tities  of  solvents,  plasticisers,  and  additives  needed  for  the  various  rubbers. 
Other  differences  in  toxicological  hazards  for  the  different  rubbers  might 
occur  if  the  hoses  are  overheated  or  ignited. 


METHODS  FOR  MEASURING  OFF-GASSING 

When  this  investigation  began,  there  was  no  means  other  than  divers' 
response  for  distinguishing  noncontaminating  diver  hoses  from  those  that 
grossly  contaminated  divers'  breathing  mixtures,  Military  specifications1 
stated,  "A  sample  of  hose  at  least  40  feet  but  not  over  50  feet  long  shall  be 
used.  Any  toxic  or  nauseous  effects  noted  by  any  four  subjects  while  breath¬ 
ing  air  passed  through  the  hose  for  one  hour  shall  be  cause  for  failure  of  this 
test." 

The  test  might  be  satisfactory  as  a  preproduction  test,  but  it  is  too 
costly  to  function  as  a  routine  acceptance  test.  Commercial  laboratories 
charge  nearly  a  thousand  dollars  to  perform  the  test  on  a  single  hose,  Another 
fault  is  that  the  compounds  most  likely  to  off-gas  in  quantities  harmful  to  the 
divers'  health  are  cumulative  poisons  which  have  a  delayed  effect,  Even  though 
a  subject  suffers  no  discomfort  breathing  through  tho  hose  for  an  hour,  he  may 
accumulate  dangerous  solvents  that  will  harm  his  health  in  later  years, 

Harris24  described  the  test  employed  in  the  selection  of  nonmetallic 
materials  for  the  Apoilo  Command  Module  space  cabin,  A  sample  of  the 
candidate  material  is  held  at  a  temperature  of  200°F  for  48  hours  in  a  test 
chamber  filled  with  oxygen  at  5  psi,  At  the  end  of  tho  heating  period,  a  gas 
sample  is  drawn  off  and  passed  through  a  gas  chromatograph  equipped  with  a 
flame  ionization  detector,  The  total  concentration  of  organic  compounds  in 
the  sample  is  expressed  as  pentane  equivalents.  Condensable  materials  are 
determined  by  evacuating  tho  tost  chamber  into  a  cold  trap  and  returning  the 
noncondonsablos  to  the  tost  chamber,  The  test  chamber  is  brought  to  atmo¬ 
spheric  pressure  with  oxygon  and  tested  for  odor  by  a  panel  of  four  trained 
inspectors.  For  a  material  to  bo  acceptable,  it  must  moot  tho  following 
criteria: 

1 ,  Thu  total  weight  loss,  exclusive  of  water,  must  bo  less  than  1%. 

2,  The  total  organic  off-gassinu  should  not  exceed  100  ppm  by  weight 
when  expressed  as  pentane  equivalents  (equivalent  to  a  curbon 
content  of  24b  mg/m3). 
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3.  The  material  after  heating  must  not  have  a  mean  odor  exceeding 
1.5  on  the  basis  of  an  olfactometric  tost  in  which  four  panel 


members  rate  the  odor  as: 

Not  detectable  0 

Detectable  1 

Objectionable  '  2 

Irritating  3 


4.  No  observable  room  tumpuraturo  condensate  other  than  water  is 
obtained. 

Again,  such  a  test  might  bo  satisfactory  as  a  proproduction  test  for  hoses,  but 
it  would  be  too  expensive  to  serve  as  a  routine  acceptance  test,  it  requires 
several  days  to  perform,  and  it  requires  that  a  short  length  of  the  hose  be  cut 
off.  This  would  destroy  the  end-seal  on  the  hoses  and  permit  water  to  get 
into  the  braid. 

As  already  described,  NASL  tested  a  hose  by  trapping  the  evolved 
gases  in  a  dry  ice  trap  and  then  examining  th  condensate  by  gas  chromatography 
and  infrared  spectrophotometry.  Various  other  cryogenic  trapping  techniques 
and  numerous  adsorption  techniques  have  been  employed  for  concentrating 
contaminants  in  gas  samples  prior  to  their  identification.  Trace  contaminants 
in  submarine10'10  and  SEAL.AB26  atmospheres  were  formerly  trapped  on 
carbon  black,  The  contaminants  were  subsequently  desorbed  with  heat  under 
reduced  pressure,  Studies  at  NRL10'15  show  that  such  trapping  methods  are 
inefficient  and  capture  only  half  of  the  contaminants.  The  trapping  techniques 
are  also  time  consuming  and  are  not  applicable  to  on-the-spot  analysis.  The 
advent  of  I  lame  ionization  detectors  has  made  possible  the  direct  analysis  of 
trace  contaminants  in  gas  streams,  and  trapping  techniques  are  no  longer 
necessary. 

In  all  ot  the  preceding  studies  on  off-gassing,  the  off-gas  constituents 
have  always  been  separated  or  fractionated  by  gas  chromatography.  Identity 
of  the  chromatographic  fractions  has  bean  aided  by  the  use  of  selective  sensors,20 
by  infrared  spectrophotometry,2  and  by  mass  spectrometry,7  Only  well-equipped 
research  centers  are  sufficiently  specialized  to  employ  such  techniques  to  Identify 
tho  Individual  gases  and  vapors  that  might  he  given  off  by  hoses,  Furthermore, 
information  Is  unavailable  on  tho  permissible  concentrations  of  many  organic 
compounds  likely  to  ho  found  in  tho  off-gassing  from  hoses,  Hence,  for  routine 
testing  of  diver  hoses,  it  is  impractical  to  identify  and  measure  the  concentration 
of  the  individual  off-gas  products, 

At  NRL  considerable  effort  was  devoted  to  the  development  of  u 
slmple-to-use  analyzer  for  measuring  the  total  concentration  of  organic 
contaminants  in  submarine  atmospheres,10*16  The  instrument  that  was 
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developed  is  called  the  NRL  Total  Hydrocarbon  Analyzer.  It  is  a  gas 
chromatograph  with  a  hydrogen  flame  ionization  detector.  This  detector 
is  highly  sensitive  to  hydrocarbons  and,  to  a  lesser  degree,  is  also  sensitive 
to  most  other  organic  compounds  (Table  2). 

Operation  of  the  NRL  Total  Hydrocarbon  Analyzer  involves  the  use 
of  a  technique  called  "back  flushing."  A  sample  of  the  gas  to  be  analyzed 
is  introduced  into  the  analyzer  in  the  usual  fashion  and  carrier  gas  is  flushed 
through  in  the  normal  direction.  After  methane  and  gaseous  Freons  are 
eluted,  the  direction  of  the  carrier  gas  flow  is  reversed,  and  the  remaining 
components  are  regrouped  and  eluted  as  a  single  "lumped"  peak.  The  area 
of  the  peak  constitutes  the  measure  of  the  "Total  Hydrocarbon"  (minus 
methane)  concentration. 

All  of  the  foregoing  procedures  for  detecting  off-gas  products  or 
other  contaminants  in  gas  samples  were  batch  tests,  Even  the  NRL  Total 
Hydrocarbon  Analyzer  was  an  instrument  for  analyzing  small  gas  samples, 
one  at  a  time.  T o  examine  the  off-gassing  from  a  hose  by  such  a  procedure, 
a  1  -ml  sample  of  gas  might  be  drawn  with  a  gas  syringe  from  near  one  end  of 
a  hose.  The  sample  would  then  be  injected  into  an  analyzer.  The  contaminants 
off-gassing  from  the  hose  would  be  ascertained  from  the  composition  of  the 
1  -ml  sample. 

There  are  serious  faults  with  batch-wise  analytical  techniques  for 
measuring  off-gassing  rates.  First  of  all,  the  concentration  of  gaseous  con¬ 
taminants  in  a  hose  varies  considerably  from  the  ends  to  the  center  of  the 
hose.  Second,  the  concentration  of  trace  contaminants  falls  off  rapidly  as 
air  is  flushed  through  a  hose,  Finally,  even  if  the  sample  were  representative, 
nearly  all  of  its  trace  contaminants  would  probably  be  deposited  .on  the  sides 
of  the  syringe  or  other  sampling  device  and  would  not  oven  enter  the  mudvzer, 
Measuring  off-gassing  rates  from  a  hose  requires  an  instrument  that  will  handle 
a  continuous  sample  stroam  and  respond  with  a  continuous  reading. 

In  recent  years  numerous  continuous  reading  process  instruments  have 
been  introduced  for  analyzing  streams  of  gasm.  They  are  used  in  refineries, 
natural  gas  lines,  and  other  industrial  process  plants  whore  it  is  necessary  to 
continuously  monitor  the  composition  of  a  gas  stream.  At  the  present  time, 
instrument  makers  are  engaged  in  a  race  to  devnlop  process  instruments  for 
monitoring  air  pollution,  and  new  Instruments  a.o  introduced  at  frequent 
intervals, 

One  of  the  most  successful  of  the  new  breed  of  instruments  is  a 
process  analyzer  for  total  hydrocarbons,  The  proems  analyzers  employ  a 
hydrogen  flame  ionization  detector  similar  to  that  employed  on  the  NRL 
Total  Hydrocarbon  Analyzer,  However,  the  process  instrument  accommodates 
a  samplu  stream,  whereas  the  NRL  instrument  analyzfi's  a  single  small  sample 
of  gas  at  a  time. 
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Several  instrument  manufacturers  market  process  analyzers  for  total 
hydrocarbons.27'29  All  of  their  analyzers  appear  to  be  ideally  suited  for 
monitoring  the  gross  contamination  of  air  by  o^f-gas  products  from  hoses. 

The  analyzers  are  reliable,  extremely  sensitive,  easy  to  operate,  and  respond 
to  most  organic  compounds.  They  are  moderately  priced  at  approximately 
$2,000. 

In  essence,  the  Total  Hydrocarbon  Analyzer  counts  the  number  of 
carbon  atoms  in  the  off-gas  products  from  the  hoses.  It  is  a  little  more 
efficient  in  counting  the  carbon  atoms  in  hydrocarbon  vapors  than  in  the 
vapors  of  other  organic  compounds,  but  it  responds  to  nearly  all  carbon  - 
compounds  with  the  exceptions  of  carbon  dioxide,  carbon  monoxide,  and 
carbon  disulfide,  The  Total  Hydrocarbon  Analyzer  also  fails  to  distinguish 
between  aromatic  and  aliphatic  hydrocarbons. 

Infrared30,31  and  ultraviolet32  process  analyzers  can  also  be  used 
to  monitor  the  concentrations  of  many  organic  compounds.  They  are 
especially  well  suited  for  measuring  the  concentration  of  carbon  dioxide 
and  carbon  monoxide,  and  they  can  be  adjusted  ,or  distinguishing  aromatic 
from  aliphatic  hydrocarbons.  Hence,  they  complement  the  capabilities  of 
the  Total  Hydrocarbon  Analvzers. 

v '  Each  infrared  or  ultravi  'let  analyzer  is  sensitive  to  only  one  compound 
or  one  narrow  class  of  compounds.  This  is  determined  by  the  composition  of 
'-the  gas  in  the  reference  cell  of  the  instrument  which  is  filled  at  the  factory. 
Resistances  and  other  components  of  the  analyzers  must  bo  adjusted  at  the 
factory  to  match  the  reference  coll.  Such  a  high  degree  of  specificity  reduces 
the  value  of  the  analyzers  for  measuring  the  off-gassing  from  divor  hoses, 
furthermore,  optical  instruments  like  tiro  ultraviolet  and  infrared  analyzers 
are  less  sensitive  than  tin:  Total  Hydrocarbon  Analyzers.  To  be  useful  foi 
.detecting  trace  contaminants  in  gases,  they  would  need  dry  ico  traps  or 
aifbon  canisters  for  concentrating  the  trace  contaminants.33  Though  the 
optical  instruments  are  essential  for  monitoring  tho  concentration  of  carbon 
monoxide  and  carbon  dioxide  in  divers'  breathing  mixtures,  they  would  not 
bi&ary  useful  for  measuring  off-gassing  from  diver  hoses  which  evolve 
insignificant  quantities  of  carbon  monoxide  unci  carbon  dioxide. 

Inability  of  the  Total  Hydrocarbon  Analyzer  to  detect  carbon 
disulfide  is  a  more  serious  shortcoming,  Carbon  disulfide  is  an  oxeollont 
sftjvunt  for  rubber,  and  its  vapors  are  extremely  poisonous. 

There  are  numerous  types  of  analyzers  on  the  market  that  might  bo 
employed  for  measuring  the  off-gassing  of  sulfur containing  compounds  from 
diver  hoses.  In  gunorul  there  are  several  makes  of  each  typo.  Most  of  the 
instruments  are  excellent  for  their  specified  purposes,  but  some  appear  to  be 
better  suited  than  othurs  for  measuring  tho  rate  of  off-gassing  of  sulfur  com¬ 
pounds  from  diver  hoses, 
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One  popular  type  of  analyzer  reduces  all  suK  r  compounds  catalytically 
with  hydrogen.34  The  resulting  hydrogen  sulfide  reacts  with  a  moving  lead 
acetate  impregnated  tape.  Discoloration  of  the  tape  by  lead  sulfide  is  measured 
continuously  with  a  photocell.  Instruments  of  this  type  are  very  specific  for 
sulfur.  They  have  been  used  very  successfully  In  refineries  and  natural  gas 
lines.  However,  they  cannot  be  used  for  analyzing  air  or  other  gas  mixtures 
containing  oxygen.  If  they  were  used  for  measuring  off-gassing  from  diver 
hoses,  they  would  require  hydrogen  as  the  carrier  gas.  The  hydrogen  required 
to  flush  a  hose  at  a  rate  comparable  to  the  flushing  it  would  receive  in  use 
would  constitute  an  explosion  hazard  of  considerable  magnitude,  Another 
disadvantage  of  instruments  of  this  type  is  that  their  response  :s  slow,  requiring 
several  minutes  for  equilibrium  to  be  established,  and  their  readout  time  is 
even  slower  because  of  the  time  lag  for  developing  the  color  on  the  sensitive 
tape. 

A  popular  type  of  analyzer36'3'  for  measuring  the  concentrations 
of  sulfur  compounds  in  air  employs  a  liquid  electrochemical  detector.  The 
air  is  bubbled  through  an  iodine-iodide  or  a  bromine-bromide  solution 
confined  in  the  electrochemical  cell.  Sulfur  compounds  in  the  air  reduce 
the  halogen  solutions  which  are  continuously  reoxidized  electrolytically  back 
to  their  original  oxidative  state.  Continuous  measurements  are  m&de  of  thd 
current  required.  Various  instrument  makers  employ  electrochemical  cells 
of  slightly  different  design. 

Instruments  of  this  type  are  not  specific  for  sulfur  compounds  but 
will  respond  to  any  agents  which  are  easily  oxidized  or  reduced.  Of  the 
agents  which  are  most  likely  to  bo  off-gassed  from  rubber  hoses,  only  sulfur 
compounds  are  usually  detected,  The  response  time  is  slow  end  approximately 
4  minutes  is  required  for  equilibrium  to  be  established  each  time  there  Is  a 
change  In  the  concentration  of  sulfur  compounds.  In  comparison  to  the 
hydrocarbon  analyzer,  the  range  of  the  oloctrool'iemica!  instrument  Is  rather 
llmitad,  A  hoso  grossly  contaminated  with  carbon  disulfide  would  cause  the 
Instrument  to  go  off  sculo.  Suverai  hours  of  llushiny  with  contaminant-free 
air  might  be  required  to  decontaminate  the  coll.  Finally,  fairly  largo  samples 
art)  required,  and  recycling  procedures  which  will  be  described  later  In  this 
report  cannot  be  used  for  evaluating  hosus  with  an  electrochemical  sulfur 
analyzer, 

Flame  photometry  appears  to  bo  a  practical  procedure  for  measuring 
the  concentration  of  sulfur  compounds  in  uir  passed  through  diver  hoses. 
Formerly,  flame  photometers  suitable  for  continuous  analysis  of  gas  mixtures 
wore  primarily  rosearch  Instruments,  too  sophisticated  and  expensive  for 
routine  procedures.  However,  there  has  recently  become  available  a  simplified 
analyzer  with  a  flame  photometer  for  continuously  monitoring  the  total  con¬ 
centration  of  sulfur  compounds  In  gas  streams,3®  The  instrument  is  specific 
for  sulfur  compounds  and  detects  all  of  them. 
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Some  chlorinated  solvents,  especially  carbon  tetrachloride  and 
tetrachloroethane,  are  very  poisonous,  and  they  have  frequently  been 
employed  in  rubber  cements  used  to  fabricate  hoses.  The  hydrocarbon 
analyzer  will  detect  these  agents  but  at  an  approximately  50%  efficiency 
as  compared  to  the  detection  of  unsubstituted  hydrocarbons.  Apparently, 
no  process  analyzer  is  now  available  for  detecting  halogen  compounds  selec¬ 
tively  and  continuously,  but  a  halogen  leak  detector  might  be  adaptable  for 
that  purpose.39 


APPROACH 

Toxicologists  have  not  yet  agreed  upon  a  permissible  value  for  the 
total  concentration  of  organic  impurities  in  divers'  breathing  mixtures,  Even 
if  the  permissible  concentration  had  been  established.,  it  would  be  next  to 
impossible  to  state  a  permissible  limit  for  the  rates  of  off-gassing  from  diver 
hoses,  Each  situation  would  require  a  different  value  because  the  length  of 
the  hose,  temperature  of  the  water,  length  of  stay  underwater,  and  numerous 
other  factors  would  certainly  all  influence  the  final  value. 

Keve'tholess,  some  sort  of  limit  should  be  set  for  the  rate  of  off-gassing 
of  organic:  constituents  from  diver  hoses.  Failure  to  do  so  is  tantamount  to 
stating  that  anything  is  acceptable  whereas,  in  fact,  even  the  best  is  not  as  good 
as  desired,  stating  that  no  off-gassing  is  permitted  is  unrealistic,  bucause  all 
hoses,  especially  new  ones,  do  off-gus  to  some  extent, 

One  approach  tor  overcoming  the  dilemma  might  bo  to  measure  the 
off-gassing  rates  of  the  best  available  diver  hoses  and  employ  those  rates  as 
the  maximum  permissible  until  bettor  hoses  are  available  and  until  more  is 
known  about  the  toxicological  effects  of  the  off-gas  products  of  hoses,  Another 
approach  mignt  be  to  ascertain  the  most  likely  civmosition  of  the  off-gassing 
from  diver  hoses  and  set  limits  which  would  kec,  no  concentrations  of  the 
predicted  compounds  at  safe  levels, 

Both  approaches  were  employed  at  NCEl.  Measurements  were  made 
of  the  off-gassing  rates  of  numerous  commercially  available  hoses,  Some  idea 
was  thereby  obtained  of  the  magnitude  of  oft-gassing  limits  which  industry 
could  practically  tntHd,  Then  a  survey  was  made  of  hose  technology  to  ascertain 
the  most  likely  composition  of  off-gas  products.  It  was  established  that  the 
off-gassing  from  hosus  is  must  likely  to  consist  primarily  of  hvdroi  arbon  sol¬ 
vents,  both  inomotie  and  aliphatic.  Permissible  limits  were  established  on  the 
assumption  that  the  off -gassing  is  composed  entirely  of  benzene.  The  limits 
were  within  a  rangu  which  industry  should  be  able  to  meet. 
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EXPERIMENTAL  METHODS  AND  RESULTS 
Materials  and  Equipment 

All  of  the  hoses,  with  the  exception  of  one  used  Navy  diver  hose,  were 
purchased  or  supplied  new  specifically  for  this  investigation,  They  are  briefly 
described  in  Table  4.  Though  they  had  not  been  used,  many  of  them  had 
obviously  been  stored  for  a  long  time  after  they  were  fabricated,  Some  of  the 
hoses  (Table  4)  were  supplied  with  the  specific  understanding  that  they  were 
of  recent  manufacture  and  had  been  stored  only  briefly,  Though  most  of  the 
hoses  tested  were  manufactured  for  other  purposes,  they  all  were  typus  frequently 
used  by  divers. 

A  Beckman  Total  Hydrocarbon  Analyzer,  Model  109A,  and  a  Beckman 
Sulfur  Dioxide  Analyzer,  Model  906,  were  employed  for  the  tests  described  in 
this  report.  Their  use  is  not  to  be  construed  as  a  recommendation  for  the  use 
of  Beckman  instruments  over  those  of  other  manufacturers. 

The  Beckman  Model  906  Sulfur  Dioxidu  Analyzer  comes  equipped  with 
a  selective  filter  for  removing  all  of  the  readily  oxidized  and  reduced  contami¬ 
nants  in  air  with  the  exception  of  sulfur  dioxide,  When  the  filter  is  removed, 
the  instrument  becomes  in  essence  a  total  sulfur  analyzer, 

Off-Gassing  of  Organic  Carbon  Compounds 

A  great  number  of  measurements  were  made  of  tiro  concentrations  of 
organic  compounds  in  streams  of  helium  flowing  through  hoses  at  various  flow 
rates.  The  measurements  were  made  with  a  Total  Hydrocarbon  Analyzer. 

Plow  rates  as  low  as  0, 1  efh  wore  employed.  The  slower  the  flow  rates,  the 
higher  wore  the  concentrations  of  organic  contaminants,  but  a  very  long  time 
was  required  to  establish  steady-stalk;  conditions  at  low  flow  rates. 

Measurements  wore  also  matin  to  ascertain  tier  effect  of  pressure  on 
the  off-gassing  of  hydrocarbons.  It  was  observed  that  the  lower  the  pressure 
of  air  flowing  through  she  hoses  .it  a  given  flow  rate,  the  greater  was  the 
concentration  of  off-gassing  hydrocarbons,  However,  flow  rates  were  measured 
in  terms  of  air  at  standard  temperature  and  pressure.  Though  she  meter  indi¬ 
cated  that  Hut  flow  rates  were  equal  at  high  and  low  pressure,  Use  volumes  of 
air  passing  through  the  hose  per  unit  time  weie  not  equal. 

It  was  recognized  that  contamination  would  bo  at  a  maximum  ram 
when  if$t*  flushing  rate  was  zero  amt  but  a  zero  Hushing  rate  could  lx*  thieved 
by  recycling  thy  same  air  through  she  hose  in  the  manner  shown  in  fuqure  l. 

A  steady  residing  was  then  estuhh-dwd  m  a  relubveiy  siuxt  lime  and  the  results 
were  reproducible  on  different  days  or  even  on  different  weeks, 


British  Navy  Diver 
U,S.  Navy  Diver  1969 
U.S.  Navy  Diver  1967 
U,S.  Navy  Diver  (used)  1061 
High  pressure  diving^ 
General  purpose 
High  prossuro  diving 
High  pressure  diving^ 

Divers'  floating 
Gomrral  purpcso 
General  purpose 
Orchard  spray 
Hydraulic 
Hydraulic 

Houi  intuJu  to  Navy  Spue 

Agricultural 

Agricultural 

Agricultural 

Agricultural 

Agricultural^ 

Agricultural 

Agricultural* 

AgrleulU  -aj* 

Agricultural 

Agriculture1 

Agricultural 

Agricultural 

Agricultural 

Agricultural 

UtcJresMvruMJrlik'*^ 


sun 

SUH 

Nylon 

Nylon 

CH 

son 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUH 

SUJ1 

SUH 

fVtV'eialtwve 


Carbon  Content 
(mg/m3) 


Recycle  Flush 
Test  Test 


NR  •  Natural  mU  * 

S8H 

NHH  *  AcrvkKtdtil«UgU,I«var4i53bur, 

CH  *  Ottrvote^oa  »ul  6*. 

FaUr>cat«d  «*Mnttv- 


to  unier 


Hfture  1 ,  flaw  tils#  am  of  apparatus  far  mftMuring  th9  concwtMtksn 
o*  hycKootUms  that  acawwUUi  la  tha  air  confined  within 
a  Haui, 


It  was  also  recognirud  tltat  the  eonctmuatiuns  ol  off-gassing 
hydrocarbons  would  approach  a  'Steady  stout  in  a  feiatkuly  brief  time  it 
tint  flushing  rate  were  very  rapid,  VfuHitfore,  ilia  flow  rota  tor  theflusb 
tests  was  increased  to  ?  dm.  Ratiwr  than  purified  helium,  filtered  air  y m 
employed. 

The  Total  Hydrocarbon  Analyser  accommodates  a  maximum  flow 
rata  of  about  2  efu.  Therefore,  it  was  newaur  y  todcvtwt  a  mm  for  sam¬ 
pling  only  a  portion  of  the  air  flushed  through  tin?. hose,  Tint  arrangement 
devised  >$  shown  in  Ptgunt  2 

Tvpial  results  obtained  by  tie  recycling  ;mhS  flush  test* are  given 
in  Tobh*  4,  Some  of  the  hoses  had  perhaps*  never  before  Imen  flushed  with 
air  or  water  and  vtme  may  have  been  thoroughly  flushed  or  wathed.  Sony* 
may  have  stood  tot  years  before  they  wore  limbed,  Thus,  it  would  be  unfair 
to  compare  brands  on  tire  bads  of  lire  result s  of  T  able  4  so  brand  names  ere 
not  yivm. 
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2,  Ftavf  digram  ef  **>f«**?ys  tut  nmmhyi  *l«  eamiefltmiiw 
at  t»yiiw.4fiMm  ii>  a  nmm  of  ale  of  abut  gas  afw  it  lus 

tUSW©  tfWOUgh  6  t*t  tlOW> 


f  fu>  turn  of  Tabie  4  *toa$  iflusuau?  that  ©tt-ga&ing  mlm  esnsteablv 
from  base  w  hm  Bvmi  tint  »@«uiis  m  »h«  \m  sns©»  i'm  agricultural  Htm 
wftie&t  suppltad  at  ttigsam®  t»ro@  l»v  *H@> same  waaufdeturaf  ami  fabricated 

by  Hut  Mifmj  iwoatdura  t»om  rite  same  materials,  varfaa  e&n&tdarabiy  fa  magnb 
tutte.  . 

H$m  *»©»&>  8. 20  thtougH  24,  ami  30  ate  t©  hswa  timid  tlw 

sHurimi  tml&i  of  awe  am*?  fabricwtl©©.  OtHssifag  Hem  rites©  haws  is 
strikingly  hsgfajt  mars,  fat  those  wRfctt  Had  fed  fabricated  stwural  ymvs 
MtetHUwsly-  ^writfual  salwifats  QiaissyS^y  disappear  and  Qf  f ‘p$yng  ©Ml 

mi**  h 

Ntttwswus  attempts  suera  msite  to  dtfgas  H©Mi  that  ©il^isdl  Ht#! 
rates.  fot  e«atnpfa,  iHi>  nitrite  rabbet  Hf^H  ptn&isiiira  dwfag  Haw  In©.  Si, 

T-'fbki  4)  vv;ss  flushed  lot  72  hauls  ik4Hi  22®C  aW  at  1  fcltoi,  £©v©fat  te©yfctfa|| 
utskiut  lot  Hydructebons  mm  mad©  as  yarieus  rimo  fatewais  Wtorairitet  (Tahte  W, 
tlw  ©M$a*8f«?|i  fate  of  lb©  h©#?  \vm  mfi*lS&r&£y  tedtiGWd  immedwieiv  «fW 
fbiirir»&  but  Sft  tint®  p»tlfaSiiy  tegafaed  ib  iwiiiat  W$h  tetral.  A  2SMd©t  tecifan 
©f  lb©  Hum  wstsd^psusl  tuftHct-lkHSte  H.vviS^fmHpd  fit  a  h©t  vwitet  bath 
Jtyfatefaadl  «<  SI^C.  Th?»  taduu«o«i  So  ©noising  rat©  was  eswct  gfustet  HMt* 
Had  otxa&rad  after  Uteri  ?2*Ha»Jir  toum  temptftelwra  riwih;  Inti  again,  tlw  ©II* 
gassing  fat©  part  ia%  taa«vofad  on  sSamSwtg  (Tabl©  Of. 
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Tafat  >  5.  Recycle  Test  Results  for  CM  (  Gassing  Rates 
of  Nitrile  Rubber  Hose 


(Flushed  vu i 1 1 >  room  tomtieraturu  air  at 
3  cfm  for  72  hours) 
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but  a  wt$fc  tats*  it  had  ueltiirrtGiS  tb  iHbtflkfl  Itovvt,  l|  vk^rnni  a  Uttiu  <m U*  to 
sjbgaiStvTMtH"  boUch+wM’  ft&bet  Kuw.  the«  fa<ut$fod<ik4lv 

fetl  ttwn  it. ttwv  weto  mj!  HtttSMcd  Otdvnittg  on  j nr,  ft&Hto*  ittw 

of  vo*ou*  *uW*Mv  hitsvew*,  as  pfomaUsitt  tKHOHne  tho  ox**#  imenUd 


data  is  too  limited,  ana  i :  was  not  obtained  in  directly  comparable  exoeriments. 
Of  greater  importance  than  composition  of  the  rubber  polymers  is  no  doubt 
the  composition  of  the  solvents,  Hoses  fabricated  with  low  boiling  solvents 
should  be  easier  to  degas. 

.  Because  divers  use  hoses  of  various  lengths,  it  is  important  to  know 
whether  length  of  hose  influences  the  test  results.  One  bit  of  information 
was  obtained  from  the  nitrile  rubber  hose  of  the  previous  discussion.  The 
hose  was  originally  ap,  oximat-.ly  275  feet  long,  A  25-foot  section  was  cut 
from  it,  A  comparison  of  the  results  obtained  on  the  two  segments  of  the  hose 
'  in  the  standard  recycling  and  flush  testa  were  as  follows: 


Pocycle  Tost  for 

Flush  Tost  for 

Host-  Segment 

Carbon  Content 

Carbon  Content 

(ft) 

(mg/m3) 

(mg/m3) 

250 

171 

8 

25 

177 

2 

Additional  information  on  the  influence  of  length  of  hose  on  the 
results  obtained  in  the  standard  recycling  and  flush  tests  were  obtained  from 
measurements  made  on  the  two  sets  of  five  100-foot  lengths  of  agricultural 
hose  (no.  20  to  29,  Table  4),  Measurements  were  made  of  the  maximum 
off-gassing  rate  of  each  of  the  hoses  by  the  standard  recycling  procedure, 
Flush  tests  were  then  made  on  each  of  two  hoses  of  each  diameter.  The 
three  remaining  hoses  of  each  diameter  wore  then  fastened  together  to  form 
300-foot  hoses,  Measurements  of  the  maximum  off-gassing  rates  of  the  two 
300-foot  hoses  were  made  by  the  standard  recycling  test.  Immediately 
afterwards  they  were  tested  by  the  standard  flush  test.  The  results  are 
summarized  in  Table  7. 

Table  7  shows  that  results  of  the  recycle  test  are  unaffected  by  the 
length  of  the  hose,  but  that  the  results  of  the  flush  test  are  proportional  to 
some  function  of  the  length,  By  itself,  Table  7  would  also  indicate  that  the 
off-gassing  rates  of  both  tests  are  influenced  by  the  diameter:'  of  the  hoses. 
Such  an  Interpretation  does  not  take  into  account  the  fact  that  ie  hoses  of 
the  two  diametors  wore  obviously  fabricated  in  different  runs,  possibly  at 
considerably  different  times.  One  would  expect  the  results  of  the  flush  test 
to  bo  affected  by  hose  diameter  because  it  is  necessary  to  move  air  with  a 
greater  velocity  through  a  hose  with  a  smell  diameter  than  through  a  hose 
with  a  large  diameter,  However,  there  is  no  reason  to  expect  that  hose  diam¬ 
eter  Influences  the  rnsults  in  the  recycling  tests,  because  in  the  latter  tests  a 
diffusion  equilibrium  is  measured  rather  than  a  steady-state  functionjof  the 
flow  rate,  us  Is  the  case  with  the  flush  tests. 
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Table  7,  Fffoct  of  Hoso  Length  on  the  Results  of  Two 
Standard  Recycle  and  Rush  Tests 


Hosea 

(no.) 

Length 

(ft! 

Itisido 

Dimensions 

(in.) 

CartMin  Content ' 

I’wijrm3) 

Recycle 

Flush 

Tost 

20 

100 

■ 

21 

100 

22 

100 

1/2 

23 

100 

1/2 

24 

100 

■  1/2 

20, 21,  and  22 

300. 

1/2 

280 

16 

25 

100 

3/8 

106 

— 

26 

100 

3/8 

99 

— 

27 

100 

3/8 

84 

- 

28 

.  100 

3/8 

43 

3 

29 

100 

3/8 

150 

4 

27,28,  and  29 

300 

3/8 

99 

6 

“See  Table-4. 


Off-Gassing  of  Sulfur  Compounds 

Investigations  of  the  off-gassing  of  sulfur  compounds  from  hoses  was 
cut  short  by  reductions  in  funding.  A  relatively  small  number  of  measurements 
were  made,  all  with  the  selective  filter  of  the  analyzer  still  in  place.  Thus, 
measurements  were  made  of  the  concentrations  of  sulfur  dioxide  rather  than 
of  total  sulfur,  The  measurements  were  performed  primarily  as  a  means  of 
becoming  better  acquainted  with  the  instrument  and  were  to  be  followed  by 
measurements  with  the  filter  removed.  The  latter  measurements  were  never 
mode. 

The  sulfur  dioxide  analyzer  required  too  great  a  sample  flow  to  permit 
a  recycling  test  for  sulfur.  (See  recycling  test  for  hydrocarbons  under  Proposed 
Acceptance  Tests.)  The  nearest  approach  was  to  attach  ore  end  of  the  hose 
directly  to  the  inlet  port  of  the  analyzer  and  leave  the  other  end  of  the  hose 
open.  The  instrument  pump  drew  air  through  the  hose  at  a  rate  of  150  ml/min. 

In  all  cases  the  maximum  readings  occurred  in  less  than  30  minutes 
and  fell  to  nearly  zero  in  another  30  minutes  or  so.  The  exact  time  at  which 
the  main  surge  passed  through  the  analyzer  varied  a  great  deal  and  was 


influenced  by  the  hose  length.  If  the  hoses  were  permitted  to  stand  a  day  or  . 
two  after  they  had  been  flushed  down  to  low  readings,  they  regained  their 
capacity  to  evolve  sulfur  dioxide.  Recovery  of  off-gassing  rates  of  sulfur 
dioxide  was  more  rapid  than  the  recovery  of  the  off-gassing  rates  of  hydro¬ 
carbons  had  been. 

The  foregoing  results  imply  that  sulfur  dioxide  was  flushed  from  the 
interior  rubber  surfaces  of  the  hoses  and  not  from  deeper  layers  of  rubber. 

The  magnitude  of  the  surge  of  sulfur  dioxide  and  the  time  required  for  recovery 
of  the  off-gassing  rate  were  perhaps  measures  of  how  rapidly  sulfur  compounds 
in  the  rubber  are  oxidized. 

No  measurements  were  made  of  the  carbon  disulfide  evolved  from  the 
hoses,  However,  some  of  the  measurements  of  sulfur  dioxide  (Table  8)  were 
made  with  a  scrubber  filled  with  a  chromic  acid  solution  inserted  at  the  inlet 
of  the  analyzer,  The  scrubber  removed  an  impurity  from  the  hose  that  was 
contaminating  the  electrochemical  cell  of  the  analyzer.  The  scrubber  should 
have  converted  at  least  some  of  any  carbon  disulfide  that  might  have  emanated 
from  the  hoses  into  sulfur  dioxide  which  would  have  been  detected  by  the 
analyzer,  Apparently  none  of  the  hoses  tested  when  the  chromic  acid  scrubber 
was  in  position  gave  off  significant  quantities  of  carbon  disulfide. 

Off-Gassing  of  Hydrogen  Cyanide 

Hydrogen  cyanide  off-gassed  from  a  hose  was  trapped  in  a  sodium 
hydroxide  solution  and  converted  to  the  sodium  salt.  To  ensure  that  no 
hydrogen  cyanide  was  allowod  into  the  hose  with  the  air,  a  trap  was  also 
placed  at  its  inlet, 

Air  was  passed  through  the  hose  and  bubblers  at  the  rate  of  1  cfh  for 
24  hours,  Both  solutions  were  thun  chocked  for  the  presence  of  sodium 
cyanide,40  The  tost  method  is  quite  specific  and  veiy  sensitive, 

No  cyanide  was  detected  in  any  inlet  trap,  but  all  outlet  traps  attached 
to  hoses  fabricated  from  acrylonitrile  rubber  contained  sodium  cyanide,  Hoses 
made  of  natural  rubber,  chloroprone  rubber,  or  styrono  butadiene  rubber  did 
not  off-gas  hydrogen  cyanide  (Table  9).  Hose  no,  5,  which  off-gassed  the 
smallest  quantity  of  hydrogen  cyanide,  was  flushed  with  hot  water  several 
months  previously  for  the  experiment  described  in  Table  G. 

It  should  bo  noted  that  the  TLV  of  hydrogen  cyanide  (Table  3)  is 
nea>  'v  1 ,000  times  groutor  than  its  concentration  in  air  passed  slowly  through 
the  nitrile  rubber  hoses. 
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Table  8.  Maximum  Concentrations  of  Sulfur  Dioxide  in 
Air  Surging  Through  Diver  Hoses 


Date 

Hose1' 

(no.) 

Sulfur 

Dioxide 

Reading* 

(%) 

Dichromate 

Scrubber 

7 

42 

no 

7 

40 

no 

7 

37 

no 

■ 

7 

20 

no 

31  Oct 

7 

39 

yes 

27  Sept 

8 

26 

no 

23  Oct 

8 

10 

no 

31  Oct 

8 

11 

no 

27  Sept 

10 

b 

no 

23  Oct 

10 

7 

no 

27  Sept 

11 

3 

no 

29  Oct 

1i 

3 

no 

4  Nov 

1b 

29 

yns 

4  Nov 

21 

combined 

b 

yes 

4  Nov 

20  to  24 

1b 

yes 

17  Nov 

30 

<1 

yes 

_  _ 

"  From  Table  <1, 

'  KX)’S>  Q.b  ppm  sulhir  dioxide. 


Off-Gassing  of  Toluono  Diisocyanate 

A  colorimetric  lust  was  devised  fur  delect  mi|  toluene  diisncyanate  in 
(tu  passed  through  tlivnr  hoses.  Tli.  *  tost  w«is  »  simplifiuci  version  ol  tin*  test 
deserilwd  by  Aipp4’  tor  nmmtnrivuj  ,iir  in  work  ureas  whom  polyurethane 
loum  plastics  are  produced,  loitered  tin  was  passed  through  it  bohhlur  contain 
»u|  ,i  bO  ml  aliquot  of  a  reagent  solution  consisting  of  5100  ml  of  1%  aqueous 
sodium  nitrate  and  .UK)  ml  of  ethylene  qlycol  monoethyl  erhor  (Cellosulve), 
Thu  ,nr  was  then  passed  through  a  hose  ami  Imaily  throuqu  a  second  bubbler 


filled  with  the  sodium  nitrate-glycol  ether  solution.  The  air  flow  was 
maintained  at  a  rate  of  1  cfh  for  24  hours.  Off-gassing  of  toluene  diisocyanate 
by  the  hose  would  be  indicated  by  a  yellow-orange  color  in  the  second  bubbier 
cylinder. 


Table  9.  Detection  of  Minute  Traces  of  Hydrogen  Cyanide 
in  Air  Flushed  Through  Diver  Hoses 


Hose1* 

(no.) 

Composition® 

Hydrogen  Cyanide 
Content 
(jugm/m3) 

1 

NR 

0 

2 

SBR 

0 

5 

NBR 

<9 

7 

NBR 

14-1/2 

8 

NBR 

18 

8  (repeat) 

NBR 

27 

10 

CR 

0 

11 

SBR 

0 

18 

SBR 

0 

11  See  Table  4. 


Although  the  test  for  toluemo  diisocyanato  is  nut  its  specific  as  is  the 
test  for  Ityi  >g«n  cyanide,  it  is  a  very  sensitive  test,  Not  even  a  minute  trace 
of  toluene  di isocyanate  could  be  detected  off-ps-sing  from  tiut  polyurothanu 
hose  (tut,  30,  Table  41  and  none  of  the  others  were  tested. 


RECOMMENDATIONS 

It  is  recommended  that  the  military  sjteciheutsuns  for  diver  hoses  tat 
revtsud  to  include  the  following  statements. 

Organic  Solvents 

The  ,  orpine  solvents  used  at  any  ship  in  the  fabrication  of  a  diver 
iuiso,  ineludimi  the  solvents  used  for  the  rubber  cements  for  fastening 
couplings  to  tfut  hose,  for  soalieij  or  capping  the  ends  of  tlu  hose,  for 
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bonding  the  layers  and  plies  of  the  hose  together,  or  for  any  other  application 
which  might  contribute  to  the  contamination  of  an  air  stream  passing  through 
the  hose,  shall  conform  to  the  following  specifications, 

The  solvents  shall  be  composed  of  one  or  more  saturated  aliphatic  or 
alicyclic  hydrocarbons,  They  shall  contain  less  than  0.1%  by  weight  of  aromatic 
hydrocarbons  {suggested  method:  ASTM-D1017I  and  loss  than  0,001%  by 
weight  of  sulfur  (suggested  method:  ASTM-1 206) .  Tire  solvents  shall  contain 
no  carbon  tetrachloride,  tetrachloroethane,  or  carbon  disulfide,  Restrictions 
on  use  ot  the  aromatic  solvents,  benzene,  toluene,  and  xylene,  shall  be  waived 
if  the  total  off-gassing  is  sufficiently  low  (see  Tricycle  Test  under  Proposed 
Acceptance  Test),  but  the  restrictions  on  carbon  tetrachloride,  tetrachloroethane, 
and  carbon  disulfide  remain  in  effect,  ' 

Rubber  Additives 

So  that  the  hose  may  bo  as  free  from  odor  as  possible,  it  shall  be 
fabricated  of  rubber  containing  the  minimum  qualities  necessary  of  the 
purest  commercial  grades  of  accelerators,  both  in  the  cover  and  tuba.  The 
rubber  shall  contain  neither  phosphate  plasticizers  nor  aniline.  No  proces¬ 
sing  aide,  extender,  or  plastic  r  having  an  aromotic  hydrocarbon  content 
of  greater  than  100  ppm  (ASTM-P1Q7)  or  known  to  have  a  TLV19  of  less 
than  25  ppm  may  te  added,  Neither  benzidine,  sometimes  employed  as  a 
1  !f foninp  agent  for  rubber,  nor  bota-naphthylamlrve,  sometimes  employed 
an  antioxidant  for  rubber,  shall  bo  used  at  any  stage  In  the  manufacture 
I  diver  hoses,  Derivatives  of  beta-nviphthylamine  (for  example,  phony  I- 
U0ta*naphthvlamino)  shall  also  not  bn  employed,  It  N  repommendtui  that 
antioxidants  of  the  phenolic  typo,  such  as  diterlittrybutylhydroxytoluene 
(BHT),  be  used  rather  than  aromatic  aminos, 

Lubricants  and  Gasket  Dressing 

Coupling  lubricants  and  gasket  dressings  shah  i«  employed  only  m 
very  limited  quantities.  Only  highly  ramified  silicone  oil  or  U.S.P.  petrolatum 
may  be  used. 


Proposed  Acceptance  Tests 


It  h  proposed  that  air  hnsos  Iw  military  diwrs  tie  u>stwi tie  means 
of  a  Beckman  Model  t0§A,  a  PokIxmo,  or  an  M-S-A  Total  Hydrocarbon 
Analyzer  ot  any  ««|mvuk>nt  prowls  analyzer  wmpltj/ymg  a  flame  ionization 
detector  ami  Having  )•  opacity  in  detect  cwfarstinatmg  curium  at  levels 


ranging  from  0  to  200  mg/m3.  The  preceding  term  designates  the  mg/m3 
of  carbon  contained  in  that  concentration  of  methane  which  will  cause  the 
instrument  to  give  the  same  reading  (Tables  1  and  3).  The  flame  ionization 
detector  of  the  Total  Hydrocarbon  Analyzer  is  sensitive  not  only  to  hydro¬ 
carbons  but  to  related  organic  compounds  (for  example,  see  Table  2). 

The  measurements  shall  be  made  only  on  hoses  which  have  never 
been  flushed  with  air,  gas,  or  water,  or  which  have  been  stored  at  a  tempera¬ 
ture  not  lower  than  22°C  for  a  period  of  at  least  7  days  since  they  were 
flushed.  During  the  7-day  storage  period  the  ends  of  the  hoses  shall  either 
be  sealed  shut  or  fastened  together  so  that  the  confined  gas  may  not  escape. 
Both  the  analyzer  and  the  hoses  shall  be  maintained  at  a  temperature  not 
lower  than  22°C  throughout  the  testing  period. 

The  procedures  for  measuring  off-gassing  rates  from  hoses  are 
described  below  as  the  recycle  test  and  the  flush  test.  The  recycle  test 
shall  be  performed  first.  Both  procedures  can  be  used  for  measuring  the 
off-gassing  rates  of  hoses  of  any  reasonable  length— -for  example,  25  to 
600  feet.  Equipment  for  the  tests  can  be  purchased  for  between  $2,000 
and  $3,000. 

Recycle  Test.  Air  is  more  highly  contaminated  when  it  flows  slowly 
through  a  hose  than  when  it  flushes  rapidly.  Maximum  contamination  occurs 
when  the  flushing  rate  is  zero.  Simply  moving  or  recycling  air  through  a  hose, 
out  one  und  and  right  back  into  the  other,  does  not  flush  the  huso  hut  merely 
mixes  the  air,  The  contaminants  all  remain  in  the  hose  and  are  recycled  with 
the  air,  Therefore,  the  maximum  level  to  which  air  is  contaminated  by  a  hose 
(at  a  givm  temperature)  can  to  conveniently  measured  by  continuously 
recycling  the  air  through  the  hose,  the  analyzer,  and  back  through  tint  hose. 

The  measurement  should  be  relatively  unaffected  by  the  length  or  diameter 
of  the  hose,  or  by  the  rate  of  recycling  of  the  air. 

During  the  recycle  test,  one  end  of  the  hose  is  connected  to  the 
bypass  outlet  of  the  analyzer  and  the  other  end  is  connected  u>  the  sample 
inlet  (Figure  ?).  The  instrument  pump  forces  the  air  or  gas  confined  within 
tlvo  hose  to  recycle  through  tin?  hose  and  analyzer.  With  the  Heckman  instru¬ 
ment  n  recycles  at  a  rate  of  approximately  0.7  to  1 .2  l/min  ( 1  >1/2  to  2-1/2  cfh), 
but  the  actual  rate  is  not  critical. 

Five  to  10  mi  ol  ps  tMK  minute  escape  through  the  sample  capillary 
to  the  flame.  To  prevent  loss  of  pr  essure,  the  hose  is  periodically  Iwtoliy 
vented  to  die  atmosphere.  Vemmg  mm  every  IS  minutes  is  sufficiently 
frequent  to  prevent  pressure  drop  m  lioses  100  to  200  few  long.  More  Ire 
quent  venting  is  necessary  for  sliorter  hoses,  and  no  venting  is  needed  during 
a  3f)  minute  lest  period  for  hosii  400  font  or  more  in  length. 
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Measurements  of  the  carbon  content  of  the  sir,  expressed  as  mg/m3, 
are  recorded  every  few  minutes  (or  continuously  with  a  recorder)  for  a  period 
of  30  minutes.  Readings  for  the  first  10  minutes  may  vary  considerably.  A 
reading  which  falls  steadily  even  after  the  first  10  minutes  usually  indicates 
that  there  is  a  major  leak  at  a  coupling  or  elsewhere  in  the  line.  A  reading 
which  steadily  rises  usually  indicates  that  equilibrium  conditions  have  not 
yet  been  attained  since  the  previous  flushing  of  the  hose.  In  a  normal  test 
the  readings  either  become  steady  after  the  first  10  minutes  or  they  fluctuate 
up  and  down,  within  relatively  narrow  limits,  as  a  pocket  of  gas  periodically 
passes  through  the  analyzer.  Tue  hoses  are  rated  by  the  average  reading  over 
the  last  20  minutes  according  to  the  following  scale: 


Rating 

Acceptable 

Conditional 

Unacceptable 


Carbon  Content 
(mg/m3) 


0  to  60 
50  to  100 
>100 


Hoses  with  a  conditional  ratine  are  aceapc-blti  if  neither  benzene  nor  any 
other  solvent  having  a  TL.V  with  a  carbon  content  of  less  than  100  mg/m3 
(Table  1 1  was  used  in  the  fabrication  of  the  hoses.  If  the  rating  is  acceptable, 
restrictions  on  the  use  of  Imo/ene  may  be  waived;  but  the  use  of  carbon 
disulfide,  carbon  tetrachloride,  and  tetrachloroethane  must  still  be  forbidden. 

Flush  Test.  By  this  procedure,  measurements  am  made  of  the  increase 
in  the  carbon  content  of  a  stream  of  air  flushed  through  the  hose  at  a  velocity 
of  86  l/mm  (3  M/mm),  The  temperatures  of  the  huso,  air  supply,  and  analyzer 
shall  not  be  less  than  22c,C.  A  diagram  of  the  flow  arrangement  is  given  in 
Tiyure  2. 

Before  it  twsses  through  the  hose,  the  should  be  clean  and  should 
fuvt*  a  carbon  content  of  not  more  than  t  m*|/m3,  Tim  analyzer  »  zeroed 
with  air  (Kissing,  at  the  stipulated  veioeity  through  tint  connector  tubes  only. 

Tio»  liost;  is  then  inserted  in  tl*>  inn*  and  the  air  stream  flushed  through  it. 

Pur  pie  ensuing  16  minutes,  readings  of  the  hydrocarbon  concentration  are 
recttrtktl  every  few  minutes  (or  continuously  with  a  recorder).  The  fms»*s 
am  rated  tm  the  reading  at  me  end  of  tire  t&anmute  test  imrind,  Ht>y^  which 
cause  a  great*  *  mc'^  m  th«  carbon  content  of  the  an  stream  dun  0.01  mg/m3 
|x*r  foot  of  1‘use  or  a  ttwndmum  of  4  rog/m3  regardless,  of  length  are  unacceptable 
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CONCLUSIONS 


The  proposed  acceptance  tests  do  not  guarantee  that  the  concentrations 
of  carbon  tetrachloride,  tetrachloroethane,  and  carbon  disulfide  are  at  safe  lim¬ 
its  in  the  off-gassing  from  divsr  noses.  Fortunately,  price  essentially  eliminates 
the  likelihood  that  tetrachloroethane  will  be  used  in  the  fabrication  of  hoses. 

Price  also  certainly  curtails  the  use  of  carbon  tetrachloride  and  carbon  disulfide 
because  they  are  a  little  more  expensive  than  hydrocarbon  solvents.  Another 
factor  is  that  safety  personnel  have  been  striving  for  decades  to  eliminate  the 
use  of  these  two  solvents.  Both  are  very  toxic  and  carbon  disulfide  is  so 
inflammable  that  it  ignites  spontaneously  at  1 25  to  135°C.  Even  contact  with 
a  warm  steam  pipe  or  electric  light  may  cause  it  to  ignite.  Thus,  the  likelihood 
that  carbon  tetrachloride,  tetrachloroethane,  or  carbon  disulfide  will  bo  employed 
in  the  fabrication  of  diver  hoses  is  not  very  great.  The  concentrations  of  any 
other  compounds  likely  to  bo  off-gassed  should  be  at  safe  levels  in  breathing 
mixtures  flowing  through  hoses  that  pass  the  proposed  acceptance  tests, 
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